
BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS FIELD OF THE INVENTION The present
invention pertains to the field of pharmaceutical compositions for the
treatment of various disease states, especially neoplastic diseases and
autoimmune diseases. Particularly, it relates to pharmaceutical
formulations comprising nitrogen mustards, particularly the nitrogen
mustard bendamustine, e.g., bendamustine HCl. BACKGROUND OF THE INVENTION
The present invention claims the benefit of and priority to US Serial No.
60/644,354, filed January 14, 2005, entitled, "Bendamustine Pharmaceutical
Compositions," which is incorporated herein by reference in its entirety,
including figures and claims. The following description includes
information that may be useful in understanding the present invention. It
is not an admission that any such information is prior art, or relevant, to
the presently claimed inventions, or that any publication specifically or
implicitly referenced is prior art. Because of their high reactivity in
aqueous solutions, nitrogen mustards are difficult to formulate as
pharmaceuticals and are often supplied for administration in a lyophilized
form that requires reconstitution, usually in water, by skilled hospital
personal prior to administration. Once in aqueous solution, nitrogen
mustards are subject to degradation by hydrolysis, thus, the reconstituted
product should be administered to a patient as soon as possible after its
reconstitution. Bendamustine, (4-
{5-[Bis(2-chloroethyl)amino]-l-methyl-2-benzimidazolyl} butyric acid, is an
atypical structure with a benzimidazole ring, whose structure includes an
active nitrogen mustard (see Formula I, which shows bendamustine
hydrochloride). Formula IBendamustine was initially synthesized in 1963 in
the German Democratic Republic (GDR) and was available from 1971 to 1992 in
that location under the name Cytostasan(r). Since that time, it has been
marketed in Germany under the tradename Ribomustin(r). It has been widely
used in Germany to treat chronic lymphocytic leukemia, Hodgkin's disease,
non-Hodgkin's lymphoma, multiple myeloma, and breast cancer. Due to its
degradation in aqueous solutions (like other nitrogen mustards),
bendamustine is supplied as a lyophilized product. The current lyophilized
formulation of bendamustine (Ribomustin(r)) contains bendamustine
hydrochloride and mannitol in a sterile lyophilized form as a white powder
for intravenous use following reconstitution. The finished lyophilisate is
unstable when exposed to light. Therefore, the product is stored in brown
or amber-colored glass bottles. The current lyophilized formulation of
bendamustine contains degradation products that may occur during
manufacturing of the drug substance and/or during the lyophilization
process to make the finished drug product. Currently bendamustine is
formulated as a lyophilized powder for injection with 100 mg of drug per 50
niL vial or 25 mg of drug per 20 mL vial. The vials are opened and
reconstituted as close to the time of patient administration as possible.
The product is reconstituted with 40 mL (for the 100 mg presentation) or 10
mL (for the 25 mg presentation) of Sterile Water for Injection. The
reconstituted product is further diluted into 500 mL, q.s., 0.9% Sodium
Chloride for Injection. The route of administration is by intravenous
infusion over 30 to 60 minutes. Following reconstitution with 40 mL Sterile
Water for Injection, vials of bendamustine are stable for a period of 7
hours under room temperature storage or for 6 days upon storage at 2-8C.
The 500 mL admixture solution must be administered to the patient within 7
hours of vial reconstitution (assuming room temperature storage of the
admixture). The reconstitution of the present bendamustine lyophilized
powder is difficult. Reports from the clinic indicate that reconstitution
can require at least fifteen minutes and may require as long as thirty
minutes. Besides being burdensome and timeconsuming for the healthcare
professional responsible for reconstituting the product, the lengthy
exposure of bendamustine to water during the reconstitution
processincreases the potential for loss of potency and impurity formation
due to the hydrolysis of the product by water. Thus, a need exists for
lyophilized formulations of bendamustine that are easier to reconstitute
and which have a better impurity profile than the current lyophilate
(lyophilized powder) formulations of bendamustine. German (GDR) Patent No.
34727 discloses a method of preparing w-[5-bis-(b-
chloroethyl)-amino-benzimidazolyl-(2)]-alkane carboxylic acids substituted
in the 1- position. 



German (GDR) Patent No. 80967 discloses an injectable preparation of
g-[lmethyl- 5-bis-( b-chloroethyl)-amino-benzimaidazolyl-(2)]-butric acid
hydrochloride. German (GDR) Patent No. 159877 discloses a method for
preparing 4-[lmethyl- 5-bis (2-chloroethyl) amino-benzimidazolyl-2)-butyric
acid. German (GDR) Patent No. 159289 discloses an injectable solution of
bendamustine. Ribomustin(r) bendamustine Product monograph (updated 1/2002)
ht ://www.ribosepharm.de/i3df/ribomustin_bendairiustin/productmonograph.pdf
provides information about Ribomustin(r) including product description. Ni
et al. report that the nitrosourea SarCNU was more stable in pure tertiary
butanol than in pure acetic acid, dimethyl sulfoxide, methylhydroxy, water
or in TBA/water mixtures (Ni et al. (2001) Intl. J. Phamaceutics
226:39-46). Lyophilized cyclophoshamide is known in the art see e.g., US
Patent Nos. 5,418,223; 5,413,995; 5,268,368; 5,227,374; 5,130,305;
4,659,699; 4,537,883; and 5,066,647. The lyophilized nitrogen mustard
Ifosfamide is disclosed in International Publication No. WO 2003/066027; US
Pat. Nos. 6,613,927; 5,750,131; 5,972,912; 5,227,373; and 5,204,335.
Teagarden et al. disclose lyophilized formulations of prostaglandin E-I
made by dissolving PGE-I in a solution of lactose and tertiary butyl
alcohol (US Pat. No. 5,770,230). SUMMARY OF THE INVENTIONThe present
invention is directed to stable pharmaceutical compositions of nitrogen
mustards, in particular lyophilized bendamustine and its use in treatment
of various disease states, especially neoplastic diseases and autoimmune
diseases. An embodiment of the invention is a pharmaceutical composition of
bendamustine containing not more than about 0.5% to about 0.9% (area
percent of bendamustine) HPl, as shown in Formula II, Formula II at the
time of release or where the HPl is the amount of HPl present at time zero
after reconstitution of a lyophilized pharmaceutical composition of
bendamustine as described herein. In a preferred embodiment is a
pharmaceutical composition of bendamustine containing not more than about
0.5% (area percent of bendamustine) HPl, preferably not more than about
0.45%, more preferably not more than about 0.40%, more preferably not more
than about 0.35%, even more preferably not more than 0.30%. Another
embodiment of the invention is a lyophilized preparation of bendamustine
containing not more than about 0.1 % to about 0.3 % bendamustine dimer as
shown in Formula III at release or at time zero after reconstitution
Formula III. Yet another embodiment of the invention is a lyophilized
preparation of bendamustine containing not more than about 0.5%, preferably
0.15% to about 0.5%, bendamustine ethylester, as shown in Formula IV at
release or at time zero after reconstitutionFormula IV. Yet another
embodiment of the invention is a lyophilized preparation of bendamustine
wherein the concentration of bendamustine ethylester (Formula IV) is no
more than 0.2%, preferably 0.1%, greater than the concentration of
bendamustine ethylester as found in the drug substance used to make the
lyophilized preparation. In another embodiment of the invention is a
lyophilized preparation of bendamustine containing not more than about 0.5%
to about 0.9% (area percent of bendamustine) HP1 at the time of drug
product release, hi a preferred embodiment is a lyophilized preparation of
bendamustine containing not more than about 0.50% (area percent of
bendamustine) HPl, preferably not more than about 0.45%, more preferably
not more than about 0.40%, more preferably not more than about 0.35%, even
more preferably not more than 0.30%. An aspect of this embodiment is
lyophilized preparations of bendamustine containing not more than about
0.5% to about 0.9%, preferably 0.5%, (area percent of bendamustine) HPl at
the time of release of drug product where the lyophilized preparation is
packaged in a vial or other pharmaceutically acceptable container. hi yet
another aspect of the invention, the lyophilized preparations of
bendamustine are stable with respect to the amount of HPl for at least
about 6 months, preferably 12 months, preferably 24 months, to about 36
months or greater when stored at about 2 to about 30. Preferred
temperatures for storage are about 5 C and about room temperature. Another
embodiment of the invention is a pharmaceutical dosage form that 



includes a pharmaceutical composition of bendamustine containing not more
than about 0.5% to about 0.9% HPl, preferably not more than about 0.50%,
preferably not more than about 0.45%, more preferably not more than about
0.40%, more preferably not more than about 0.35%, even more preferably not
more than 0.30%, where the HPl is the amount of HPl present at release or
at time zero after reconstitution of a lyophilized preparation of
bendamustine of the present invention hi preferred aspectsof the invention,
the dosage form can be about 5 to about 500 mg of bendamustine, about 10 to
about 300 mg of bendamustine, about 25 mg of bendamustine, about 100 mg of
bendamustine, and about 200 mg of bendamustine. Yet another embodiment of
the invention is a pharmaceutical dosage form that includes a lyophilized
preparation of bendamustine containing not more than about 0.5% to about
0.9%, preferably 0.5%, HPl. Preferred dosage forms can be about 5 to about
500 mg of bendamustine, about 10 to about 300 mg of bendamustine, about 25
mg of bendamustine, about 100 mg of bendamustine, and about 200 mg of
bendamustine. In still another embodiment, the invention includes a
pharmaceutical composition of bendamustine including bendamustine
containing not more than about 0.5% to about 0.9% (area percent of
bendamustine), preferably not more than about 0.50%, preferably not more
than about 0.45%, more preferably not more than about 0.40%, more
preferably not more than about 0.35%, even more preferably not more than
0.30%, and a trace amount of one or more organic solvents, wherein said HPl
is the amount of HPl present at release or time zero after reconstitution
of a lyophilized pharmaceutical composition of bendamustine as disclosed
herein. In different aspects of this embodiment, the organic solvent is
selected from one or more of tertiary butanol, n-propanol, n-butanol,
isopropanol, ethanol, methanol, acetone, ethyl acetate, dimethyl carbonate,
acetonitrile, dichloromethane, methyl ethyl ketone, methyl isobutyl ketone,
1-pentanol, methyl acetate, carbon tetrachloride, dimethyl sulfoxide,
hexafluoroacetone, chlorobutanol, dimethyl sulfone, acetic acid, and
cyclohexane. Preferred organic solvents include one or more of ethanol,
methanol, propanol, butanol, isopropanol, and tertiary butanol. A more
preferred organic solvent is tertiary butanol, also known as TBA,
t-butanol, tert-butyl alcohol or tertiary butyl alcohol. The present
invention involves a method for obtaining agency approval for a
bendamustine product, the improvement which includes setting a release
specification for bendamustine degradants at less than about 4.0%,
preferably about 2.0 % to about 4.0 %, (area percent bendamustine) or
otherwise to achieve the pharmaceutical compositions described herein. An
aspect of this embodiment is a method for obtaining agency approval for a
bendamustine product which includes setting a release specification for HPl
to be less than or equal to 1.5% (area percent Bendamustine).The
bendamustine product herein contains not more than about 0.5% (area percent
of bendamustine) HPl at release. Another embodiment is a method for
obtaining agency approval for a bendamustine product, the improvement which
includes setting a shelf-life specification for bendamustine degradants at
less than about 7.0%, preferably about 5.0% to about 7.0%, (area percent
bendamustine) where the product is stored at about 2C to about 3O0C.
Preferred temperatures for storage are about 5C and about room temperature.
The bendamustine product herein contains not more than about 0.5% (area
percent of bendamustine) HPl at release. Another embodiment of the
invention is a process for manufacturing a lyophilized preparation of
bendamustine which includes controlling for the concentration of
bendamustine degradants in the final product, such that the concentration
of bendamustine degradants is less than about 4.0%, preferably no more than
about 2.0 % to about 4.0 %, (area percent of bendamustine) at release or
otherwise to achieve the pharmaceutical compositions described herein. The
bendamustine product herein contains not more than about 0.5% to about
0.9%, preferably about 0.5%, (area percent of bendamustine) HPl at release.
The present invention discloses a process for manufacturing a lyophilized
preparation of bendamustine which comprises controlling for the
concentration of bendamustine degradants in the final product, such that,
at release, the concentration of HPl is less than 0.9%, preferably 0.5%,
(area percent of bendamustine) and, at the time of product expiration, the
concentration of bendamustine degradants is less than about 7.0%,
preferably no more than about 5.0% to about 7.0%; wherein said product is
stored at about 2C to about 30C. Another embodiment of the invention is a
bendamustine pre-lyophilization solution or dispersion comprising one or
more organic solvents where the solution or dispersions include at least
one stabilizing concentration of an organic solvent which reduces the level
of degradation of bendamustine so that the amount of HPl produced 



during lyophilization from about 0 to 24 hours does not exceed about 0.5%
to about 0.9% (area percent of bendamustine) preferably 0.50%, preferably
0.45%, more preferably 0.40%, more preferably 0.35%, even more preferably
0.30%. An aspect of this embodiment is the lyophilized powder produced from
the pre-lyophilization solution or dispersion.Still another embodiment of
the invention is a bendamustine pre-lyophilization solution or dispersion
comprising one or more organic solvents where the solution or dispersions
include at least one stabilizing concentration of an organic solvent which
reduces the level of degradation of bendamustine so that the amount of
bendamustine ethylester produced during lyophilization from about 0 to 24
hours does not exceed about 0.5% (area percent bendamustine). An aspect of
this embodiment is the lyophilized powder produced from the
pre-lyophilization solution or dispersion. Still another embodiment of the
invention is a bendamustine pre-lyophilization solution or dispersion
comprising one or more organic solvents where the solution or dispersions
include at least one stabilizing concentration of an organic solvent which
reduces the level of degradation of bendamustine so that the amount of
bendamustine ethylester (as shown in Formula IV) produced during
lyophilization from about 0 to 24 hours is no more than 0.2%, preferably
0.1%, greater than the concentration of bendamustine ethylester as found in
the drug substance used to make the prelyophilization solution. A preferred
organic solvent is tertiary butanol. The invention also discloses methods
for preparing a bendamustine lyophilized preparation that includes
dissolving bendamustine in a stabilizing concentration of an alcohol
solvent of between about 5% to about 100% (v/v alcohol to form a
prelyophilization solution; and lyophilizing the pre-lyophilization
solution; wherein the bendamustine lyophilized preparation made from such
methods contains not more than about 0.5% to about 0.9%, preferably 0.5%,
(area percent of bendamustine) HPl as shown in Formula II, wherein said HPl
is the amount of HPl present at release or at time zero after
reconstitution of the lyophilized pharmaceutical composition of
bendamustine. Other alcohol concentrations include about 5% to about 99.9%,
about 5% to about 70%, about 5% to about 60%, about 5% to about 50%, about
5% to about 40%, about 20% to about 35%. Preferred concentrations of
alcohol are from about 20% to about 30%. Preferred alcohols include one or
more of methanol, ethanol, propanol, iso-propanol, butanol, and
tertiary-butanol. A more preferred alcohol is tertiary-butanol. A preferred
concentration of tertiary-butanol is about 20% to about 30%, preferably
about 30%. An aspect of this embodiment is the addition of an excipient
before lyophilization. A preferred excipient is mannitol. Preferred
prelyophilized concentrations of bendamustine are from about 2 mg/mL to
about 50 mg/mL.In a preferred method for preparing a bendamustine
lyophilized preparation, lyophilizing the pre-lyophilization solution
comprises i) freezing the prelyophilization solution to a temperature below
about -4O C, preferably -5O C, to form a frozen solution; ii) holding the
frozen solution at or below -40C, preferably -50C, for at least 2 hours;
iii) ramping the frozen solution to a primary drying temperature between
about -4O C and about -10C to form a dried solution; iv) holding for about
10 to about 70 hours; v) ramping the dried solution to a secondary drying
temperature between about 25C and about 4O C; and vii) holding for about 5
to about 40 hours to form a bendamustine lyophilized preparation. In a more
preferred method lyophilizing the pre-lyophilization solution comprises i)
freezing the pre-lyophilization solution to about -50C to form a frozen
solution; ii) holding the frozen solution at about -50C for at least 2
hours to about 4 hours; iii) ramping to a primary drying temperature
between about -20C and about -12C to form a dried solution; iv) holding at
a primary drying temperature for about 10 to about 48 hours; v) ramping the
dried solution to a secondary drying temperature between about 25C and
about 400C; and vi) holding at a secondary drying temperature for at least
5 hours up to about 20 hours. A preferred alcohol is tertiary-butanol. A
preferred concentration of tertiarybutanol is about 20% to about 30%,
preferably about 30%. An aspect of this embodiment is the addition of an
excipient before lyophilization. A preferred excipient is mannitol.
Preferred pre-lyophilized concentrations of bendamustine are from about 2
mg/mL to about 50 mg/mL. Another embodiment of the invention is the
lyophilized powder or preparation obtained from the methods of preparing a
bendamustine lyophilized preparation disclosed herein. The invention also
involves bendamustine formulations for lyophilization that include an
excipient and a stabilizing concentration of an organic solvent. A
preferred formulation includes bendamustine at a concentration of about 15
mg/mL, mannitol at a concentration of about 25.5 mg/mL, tertiary-butyl
alcohol at a concentration of about 



30% (v/v) and water. Included in this embodiment of the invention are the
lyophilized preparations made from such bendamustine formulations. Included
in the inventions are methods of treating a medical condition in a patient
that involve administering a therapeutically effective amount of a
pharmaceutical composition of the invention where the condition is amenable
totreatment with said pharmaceutical composition. Some conditions amenable
to treatment with the compositions of the invention include chronic
lymphocytic leukemia (CLL), Hodgkin's disease, non-Hodgkin's lymphoma
(NHL)5multiple myeloma (MM), breast cancer, small cell lung cancer,
hyperproliferative disorders, and an autoimmune disease. Preferred
conditions include NHL, CLL, breast cancer, and MM. Preferred autoimmune
diseases include rheumatoid arthritis, multiple sclerosis or lupus.
Included in the inventions are the use of the pharmaceutical compositions
or pharmaceutical preparations of the invention in the manufacture of a
medicament for the treatment of a medical condition, as defined herein, in
a patient that involve administering a therapeutically effective amount of
a pharmaceutical composition of the invention where the condition is
amenable to treatment with said pharmaceutical composition. Also included
in the invention are methods of treating in which the pharmaceutical
compositions of the invention are in combination with one or more
anti-neoplastic agents where the antineoplastic agent is given prior,
concurrently, or subsequent to the administration of the pharmaceutical
composition of the invention. Preferred antineoplastic agents are
antibodies specific for CD20. Another embodiment of the invention is a
lyophilization cycle for producing lyophilized bendamustine preparations of
the invention. A preferred lyophilization cycle includes a) freezing to
about -50C over about 8 hours; b) holding at -50C for about 4 hours; c)
ramping to -25C over about 3 hours; d) holding at -1O C for 30 hours; e)
ramping to between about 25C and about 40C or higher for about 3 hours; f)
holding between about 25C and about 40 C for about 25 hours; g) ramping to
about 20C in 1 hour; h) unloading at about 2O C, at a pressure of 13.5 psi
in a pharmaceutically acceptable container that is hermetically sealed;
wherein the pressure is about 150 microns throughout primary drying and 50
microns throughout secondary drying. An aspect of this cycle involves step
(e) which is ramped to about 30-35C for 3 hours and then ramped to 40 C for
5 hours. Another aspect of this embodiment is the lyophilized powered
prepared from such lyophilization cycles. A more preferred lyophilization
cycle includes i) starting with a shelf temperature of about 5C for
loading; ii) freezing to about -50C over about 8 hours; iii) holding at
-50C for about 4 hours; iv) ramping to about -2O C over about 3 hours; v)
holding at about -20C for 6hours; ramping to about -15C over about 1 hour;
vi) holding at -15C for about 20 hours; vii) ramping to about -15 C over
about 1 hour; viii) holding at about -15C for about 20 hours; ix) ramping
to about -12C over about 0.5 hours; x) holding at about - 12C for about
15.5 hours; xi) ramping to between about 25C and about 40C or higher for
about 15 hours; xii) holding between about 25 C and about 40C for about 10
hours; xiii) ramping to about 40C over about 1 hour; and xiv) holding at
about 40C for about 5 hours; unloading at about 5 C, at a pressure of about
13.5 psi in a pharmaceutically acceptable container that is hermetically
sealed; wherein the pressure is about 150 microns throughout primary drying
and 50 microns throughout secondary drying. In a preferred embodiment step
(xi) is ramped to about 30-35C for about 15 hours. The invention also
encompasses a pharmaceutical dosage form of bendamustine containing not
more than about 0.5% to about 0.9%, preferably 0.5%, HPl (area percent of
bendamustine) wherein said dosage form comprises a vial or other
pharmaceutically acceptable container, wherein said HPl is the amount of
HPl present pre-reconstitution or at time zero after reconstitution of said
dosage form. Preferred concentrations of bendamustine include about 10 to
about 500 mg/container, about 100 mg/container, about 5 mg to about 2
g/container and about 170 mg/container. The present invention also includes
pre-lyophilized pharmaceutical compositions of bendamustine. A preferred
pre-lyophilized composition includes bendamustine HCl about 15 mg/mL,
mannitol about 25.5 mg/mL, about 30% (v/v) tertiary-butyl alcohol, and
water. These and other embodiments of the invention are described
hereinbelow or are evident to persons of ordinary skill in the art based on
the following disclosures. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 shows
the solubility of bendamustine at various temperatures for two different
solutions of bendamustine in tertiary butanol. 



Fig. 2 shows the purity results of an HPLC analysis after incubating
bendamustine in various alcohols for 24 hours at 50C. Results are presented
as the area percent of the bendamustine peak.Fig. 3 shows HPl (Formula II)
formation after 24 hours in various alcohol/water co-solvents at 50C Fig 4
shows dimer (Formula III) formation after 24 hours in various alcohol/water
co-solvents at 50C Fig. 5- shows a lyophilization cycle for bendamustine
using a TBA/water cosolvent. Fig. 6 shows a chromatogram for Ribomustin(r)
using HPLC method No. 1. DETAILED DESCRIPTION OF THE INVENTION As used
herein, the terms "formulate" refers to the preparation of a drug, e.g.,
bendamustine, in a form suitable for administration to a mammalian patient,
preferably a human. Thus, "formulation" can include the addition of
pharmaceutically acceptable excipients, diluents, or carriers. As used
herein, the term "lyophilized powder" or "lyophilized preparation" refers
to any solid material obtained by lyophilization, i.e., freeze-drying of an
aqueous solution. The aqueous solution may contain a non-aqueous solvent,
i.e. a solution composed of aqueous and one or more non-aqueous solvent(s).
Preferably, a lyophilized preparation is one in which the solid material is
obtained by freeze-drying a solution composed of aqueous and one or more
non-aqueous solvents, more preferably the non-aqueous solvent is an
alcohol. By "stable pharmaceutical composition" is meant any pharmaceutical
composition having sufficient stability to have utility as a pharmaceutical
product. Preferably, a stable pharmaceutical composition has sufficient
stability to allow storage at a convenient temperature, preferably between
-20C and 40C, more preferably about 20C to about 30C, for a reasonable
period of time, e.g., the shelf-life of the product which can be as short
as one month but is typically six months or longer, more preferably one
year or longer even more preferably twenty-four months or longer, and even
more preferably thirty-six months or longer. The shelf-life or expiration
can be that amount of time where the active ingredient degrades to a point
below 90% purity. For purposes of the present invention stable
pharmaceutical composition includes reference to pharmaceutical
compositions with specific ranges of impurities as described herein.
Preferably, a stable pharmaceutical composition is one which has minimal
degradation of the active ingredient, e.g., it retains at least about 85%
of un-degraded active, preferably at least about 90 %, and more preferably
at least about 95%, after storage at 2-3O0C for a 2-3 year period of time.
By "stable lyophilized preparation" is meant any lyophilized preparation
having sufficient stability, such characteristics as similarly defined
herein for a stable pharmaceutical composition, to have utility as a
pharmaceutical product By "degraded" is meant that the active has undergone
a change in chemical structure. The term "therapeutically effective amount"
as used herein refers to that amount of the compound being administered
that will relieve to some extent one or more of the symptoms of the
disorder being treated, hi reference to the treatment of neoplasms, a
therapeutically effective amount refers to that amount which has the effect
of (1) reducing the size of the tumor, (2) inhibiting (that is, slowing to
some extent, preferably stopping) tumor metastasis, (3) inhibiting to some
extent (that is, slowing to some extent, preferably stopping) tumor growth,
and/or, (4) relieving to some extent (or, preferably, eliminating) one or
more symptoms associated with the cancer. Therapeutically effective amount
can also mean preventing the disease from occurring in an animal that may
be predisposed to the disease but does not yet experience or exhibit
symptoms of the disease (prophylactic treatment). Further, therapeutically
effective amount can be that amount that increases the life expectancy of a
patient afflicted with a terminal disorder. Typical therapeutically
effective doses for bendamustine for the treatment of non-Hodgkin's
lymphoma can be from about 60- 120 mg/m2 given as a single dose on two
consecutive days. The cycle can be repeated about every three to four
weeks. For the treatment of chronic lymphocytic leukemia (CLL) bendamustine
can be given at about 80-100 mg/m2 on days 1 and 2. The cycle can be
repeated after about 4 weeks. For the treatment of Hodgkin's disease
(stages IIIV), bendamustine can be given in the "DBVBe regimen" with
daunorubicin 25 mg/m on days 1 and 15, bleomycin 10 mg/m2 on days 1 and 15,
vincristine 1.4 mg/m2 on days 1 and 15, and bendamustine 50 mg/m2 on days
1-5 with repetition of the cycle about every 4 weeks. For breast cancer,
bendamustine (120 mg/m2) on days 1 and 8 can be given in combination with
methotrexate 40 mg/m2 on days 1 and 8, and 5- fluorouracil 600 mg/m2 on
days 1 and 8 with repetition of the cycle about every 4 weeks. As a
second-line of therapy for breast cancer, bendamustine can be given atabout
100-150 mg/m2 on days 1 and 2 with repetition of the cycle about every 4 



weeks. As used herein "neoplastic" refers to a neoplasm, which is an
abnormal growth, such growth occurring because of a proliferation of cells
not subject to the usual limitations of growth. As used herein,
"anti-neoplastic agent" is any compound, composition, admixture,
co-mixture, or blend which inhibits, eliminates, retards, or reverses the
neoplastic phenotype of a cell. As used herein "hyperproliferation" is the
overproduction of cells in response to a particular growth factor. H
yperproliferative disorders" are diseases in which the cells overproduce in
response to a particular growth factor. Examples of such
"hyperproliferative disorders" include diabetic retinopathy, psoriasis,
endometriosis, cancer, macular degenerative disorders and benign growth
disorders such as prostate enlargement. As used herein, the term "vial"
refers to any walled container, whether rigid or flexible. "Controlling" as
used herein means putting process controls in place to facilitate
achievement of the thing being controlled. For example, in a given case,
"controlling" can mean testing samples of each lot or a number of lots
regularly or randomly; setting the concentration of degradants as a release
specification; selecting process conditions, e.g., use of alcohols and/or
other organic solvents in the prelyophilization solution or dispersion, so
as to assure that the concentration of degradants of the active ingredient
is not unacceptably high; etc. Controlling for degradants by setting
release specifications for the amount of degradants can be used to
facilitate regulatory approval of a pharmaceutical product by a regulatory
agency, such as the U.S. Food and Drug Administration and similar agencies
in other countries or regions ("agency"). The term "pharmaceutically
acceptable" as used herein means that the thing that is pharmaceutically
acceptable, e.g., components, including containers, of a pharmaceutical
composition, does not cause unacceptable loss of pharmacological activity
or unacceptable adverse side effects. Examples of pharmaceutically
acceptable components are provided in The United States Pharmacopeia (USP),
The National Formulary (NF), adopted at the United States Pharmacopeial
Convention, held in Rockville, Md. in 1990 and FDA Inactive Ingredient
Guide 1990, 1996 issuedby the U.S. Food and Drug Administration (both are
hereby incorporated by reference herein, including any drawings). Other
grades of solutions or components that meet necessary limits and/or
specifications that are outside of the USP/NF may also be used. The term
"pharmaceutical composition" as used herein shall mean a composition that
is made under conditions such that it is suitable for administration to
humans, e.g., it is made under GMP conditions and contains pharmaceutically
acceptable excipients, e.g., without limitation, stabilizers, bulking
agents, buffers, carriers, diluents, vehicles, solubilizers, and binders.
As used herein pharmaceutical composition includes but is not limited to a
pre-lyophilization solution or dispersion as well as a liquid form ready
for injection or infusion after reconstitution of a lyophilized
preparation. A "pharmaceutical dosage form" as used herein means the
pharmaceutical compositions disclosed herein being in a container and in an
amount suitable for reconstitution and administration of one or more doses,
typically about 1-2, 1-3, 1-4, 1- 5, 1-6, 1-10, or about 1-20 doses.
Preferably, a "pharmaceutical dosage form" as used herein means a
lyophilized pharmaceutical composition disclosed herein in a container and
in an amount suitable for reconstitution and delivery of one or more doses,
typically about 1-2, 1-3, 1-4, 1-5, 1-6, 1-10, or about 1-20 doses. The
pharmaceutical dosage form can comprise a vial or syringe or other suitable
pharmaceutically acceptable container. The pharmaceutical dosage form
suitable for injection or infusion use can include sterile aqueous
solutions or dispersions or sterile powders comprising an active ingredient
which are adapted for the extemporaneous preparation of sterile injectable
or infusible solutions or dispersions, hi all cases, the ultimate dosage
form should be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be a solvent or
liquid dispersion medium comprising, for example, water, ethanol, a polyol
such as glycerol, propylene glycol, or liquid polyethylene glycols and the
like, vegetable oils, nontoxic glyceryl esters, and suitable mixtures
thereof. The prevention of the growth of microorganisms can be accomplished
by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. As used
herein, the term "excipient" means the substances used to formulate active
pharmaceutical ingredients (API) into pharmaceutical formulations; in a
preferred embodiment, an excipient does not lower or interfere with the
primarytherapeutic effect of the API. Preferably, an excipient is
therapeutically inert. The 



term "excipient" encompasses carriers, diluents, vehicles, solubilizers,
stabilizers, bulking agents, and binders. Excipients can also be those
substances present in a pharmaceutical formulation as an indirect or
unintended result of the manufacturing process. Preferably, excipients are
approved for or considered to be safe for human and animal administration,
i.e., GRAS substances (generally regarded as safe). GRAS substances are
listed by the Food and Drug administration in the Code of Federal
Regulations (CFR) at 2 1 CFR  182 and 2 1 CFR  184, incorporated herein by
reference. Preferred excipients include, but are not limited to, hexitols,
including mannitol and the like. As used herein "a stabilizing
concentration of an organic solvent" or "a stabilizing concentration of an
alcohol" means that amount of an organic solvent or alcohol that reduces
the level of degradation of bendamustine to achieve a specified level of
degradants in the final drug product. For example, with respect to the
degradant HP1, a stabilizing concentration of an organic solvent is that
amount which results in an HPl concentration (area percent of bendamustine)
of less than about 0.5%, preferably less than 0.45 %, preferably less than
0.40 %, more preferably less than 0.35%, more preferably less than 0.30%,
and even more preferably less than 0.25%. With respect to the overall or
total degradant concentration of the final drug product, a stabilizing
concentration of an organic solvent is that amount that results in a total
degradant concentration (at the time of drug product release) of less than
about 7% (area percent bendamustine), preferably less than about 6%, more
preferably less than about 5%, and even more preferably less than about
4.0%. By "area percent of bendamustine" is meant the amount of a specified
degradant, e.g., HPl, relative to the amount of bendamustine as determined,
e.g., by HPLC. The term "organic solvent" means an organic material,
usually a liquid, capable of dissolving other substances. As used herein,
"trace amount of an organic solvent" means an amount of solvent that is
equal to or below recommended levels for pharmaceutical products, for
example, as recommended by ICH guidelines (International Conferences on
Harmonization, Impurities-- Guidelines for Residual Solvents. Q3C. Federal
Register. 1997;62(247):67377). The lower limit is the lowest amount that
can be detected.The term "release" or "at release" means the drug product
has met the release specifications and can be used for its intended
pharmaceutical purpose. A. General The invention provides stable,
pharmaceutically acceptable compositions prepared from bendamustine. In
particular, the invention provides formulations for the lyophilization of
bendamustine HCl. The lyophilized powder obtained from such formulations is
more easily reconstituted than the presently available lyophilized powder
of bendamustine. Further, the lyophilized products of the present invention
have a better impurity profile than Ribomustin(r) with respect to certain
impurities, in particular HPl, bendamustine dimer, and bendamustine
ethylester, prior to reconstitution, upon storage of the lyophilate, or
following reconstitution and admixture. The present invention further
provides formulations of bendamustine useful for treating neoplastic
diseases. The formulations described herein can be administered alone or in
combination with at least one additional anti-neoplastic agent and/or
radioactive therapy. An aspect of the invention is conditions and means for
enhancing the stability of bendamustine prior to and during the
lyophilization process, upon shelf storage or upon reconstitution.
Anti-neoplastic agents which may be utilized in combination with the
formulations of the invention include those provided in the Merck Index 11,
pp 16-17, Merck & Co., Inc. (1989) and The Chemotherapy Source Book (1997).
Both books are widely recognized and readily available to the skilled
artisan. There are large numbers of antineoplastic agents available in
commercial use, in clinical evaluation and in pre-clinical development,
which could be selected for treatment of neoplasia by combination drug
chemotherapy. Such antineoplastic agents fall into several major
categories, namely, antibiotic-type agents, covalent DNAbinding drugs,
antimetabolite agents, hormonal agents, including glucocorticoids such as
prednisone and dexamethasone, immunological agents, interferon-type agents,
differentiating agents such as the retinoids, pro-apoptotic agents, and a
category of miscellaneous agents, including compounds such as antisense,
small interfering RNA, and the like. Alternatively, other anti-neoplastic
agents, such as metallomatrix proteases (MMP) inhibitors, SOD mimics or
alphav beta3 inhibitors may be used.One family of antineoplastic agents
which may be used in combination with the compounds of the inventions
consists of antimetabolite-type antineoplastic agents. 



Suitable antimetabolite antineoplastic agents may be selected from the
group consisting of alanosine, AG2037 (Pfizer), 5-FU-fibrinogen,
acanthifolic acid, aminothiadiazole, brequinar sodium, carmofur, Ciba-Geigy
CGP-30694, cyclopentyl cytosine, cytarabine phosphate stearate, cytarabine
conjugates, Lilly DATHF, Merrel Dow DDFC, dezaguanine, dideoxycytidine,
dideoxyguanosine, didox, Yoshitomi DMDC, doxifluridine, Wellcome EHNA,
Merck & Co. EX-015, fazarabine, floxuridine, fludarabine phosphate,
5-fluorouracil, N-(2'-furanidyl)-5-fluorouracil, Daiichi Seiyaku FO-152,
isopropyl pyrrolizine, Lilly LY-188011, Lilly LY-264618, methobenzaprim,
methotrexate, Wellcome MZPES, norspermidine, NCI NSC-127716, NCI
NSC-264880, NCI NSC-39661, NCI NSC-612567, Warner-Lambert PALA,
pentostatin, piritrexim, plicamycin, Asahi Chemical PL-AC, Takeda TAC-788,
thioguanine, tiazofurin, Erbamont TIF, trimetrexate, tyrosine kinase
inhibitors, tyrosine protein kinase inhibitors, Taiho UFT and uricytin. A
second family of antineoplastic agents which may be used in combination
with the compounds of the invention consists of covalent DNA-binding agents
. Suitable alkylating-type antineoplastic agents may be selected from the
group consisting of Shionogi 254-S, aldo-phosphamide analogues,
altretamine, anaxirone, Boehringer Mannheim BBR-2207, bestrabucil,
budotitane, Wakunaga CA-102, carboplatin, carmustine, Chinoin-139,
Chinoin-153, chlorambucil, cisplatin, cyclophosphamide, American Cyanamid
CL-286558, Sanofi CY-233, cyplatate, DegussaD-19-384, Sumimoto DACHP(Myr)2,
diphenylspiromustine, diplatinum cytostatic, Erba distamycin derivatives,
Chugai DWA-2114R, ITI E09, elmustine, Erbamont FCE-24517, estramustine
phosphate sodium, fotemustine, Unimed G-6-M, Chinoin GYKI-17230,
hepsul-fam, ifosfamide, iproplatin, lomustine, mafosfamide, melphalan,
mitolactol, Nippon Kayaku NK-121, NCI NSC-264395, NCI NSC-342215,
oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-119, ranimustine,
semustine, SmithKline SK&F-101772, Yakult Honsha SN-22, spiromustine,
Tanabe Seiyaku TA- 077, tauromustine, temozolomide, teroxirone, tetraplatin
and trimelamol. Another family of antineoplastic agents which may be used
in combination with the compounds disclosed herein consists of
antibiotic-type antineoplastic agents. Suitable antibiotic-type
antineoplastic agents may be selected from the groupconsisting of Taiho 4
18 1-A, aclarubicin, actinomycin D, actinoplanone, alanosine, Erbamont
ADR-456, aeroplysinin derivative, Ajinomoto AN-201-II, Ajinomoto AN-3,
Nippon Soda anisomycins, anthracycline, azino-mycin-A, bisucaberin,
Bristol-Myers BL-6859, Bristol-Myers BMY-25067, Bristol-Myers BMY-25551,
Bristol-Myers BMY-26605, Bristol-Myers BMY-27557, Bristol-Myers BMY-28438,
bleomycin sulfate, bryostatin-1, Taiho C-1027, calichemycin, chromoximycin,
dactinomycin, daunorubicin, Kyowa Hakko DC-102, Kyowa Hakko DC-79, Kyowa
Hakko DC-88A, Kyowa Hakko DC89-A1, Kyowa Hakko DC92-B, ditrisarubicin B,
Shionogi DOB-41, doxorubicin, doxorubicin-fibrinogen, elsamicin-A,
epirabicin, erbstatin, esorubicin, esperamicin-Al, esperamicin-Alb,
Erbamont FCE-21954, Fujisawa FK-973, fostriecin, Fujisawa FR-900482,
glidobactin, gregatin-A, grincamycin, herbimycin, idarubicin, illudins,
kazusamycin, kesarirhodins, Kyowa Hakko KM-5539, Kirin Brewery KRN- 8602,
Kyowa Hakko KT-5432, Kyowa Hakko KT-5594, Kyowa Hakko KT-6149, American
Cyanamid LL-D49194, Meiji Seika ME 2303, menogaril, mitomycin,
mitoxantrone, SmithKline M-TAG, neoenactin, Nippon Kayaku NK-3 13, Nippon
Kayaku NKT-01, SRI International NSC-357704, oxalysine, oxaunomycin,
peplomycin, pilatin, pirarubicin, porothrarnycin, pyrindamycin A, Tobishi
RA-I, rapamycin, rhizoxin, rodorubicin, sibanomicin, siwenmycin, Sumitomo
SM-5887, Snow Brand SN-706, Snow Brand SN-07, sorangicin-A, sparsomycin, SS
Pharmaceutical SS-21020, SS Pharmaceutical SS-7313B, SS Pharmaceutical SS-
9816B, steffimycin B, Taiho 4181-2, talisomycin, Takeda TAN-868A,
terpentecin, thrazine, tricrozarin A, Upjohn U-73975, Kyowa Haklco
UCN-10028A, Fujisawa WF- 3405, Yoshitomi Y-25024 and zorubicin. A fourth
family of antineoplastic agents which may be used in combination with the
compounds of the invention include a miscellaneous family of antineoplastic
agents selected from the group consisting of alpha-carotene,
alpha-difluoromethylarginine, acitretin, arsenic trioxide, Avastin(r)
(bevacizumab), Biotec AD-5, Kyorin AHC-52, alstonine, amonafide,
amphethinile, amsacrine, Angiostat, ankinomycin, anti-neoplaston AlO,
antineoplaston A2, antineoplaston A3, antineoplaston A5, antineoplaston
AS2-1, Henkel APD, aphidicolin glycinate, asparaginase, Avarol, baccharin,
batracylin, benfluron, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,
Bristo-Myers BMY-40481, Vestar boron-10, bromofosfamide, Wellcome BW-502,
Wellcome BW-773, caracemide, carmethizole hydrochloride, Ajinomoto
CDAF,chlorsulfaquinoxalone, Chemes CHX-2053, Chemex CHX-100, Warner-Lambert
CI- 921, Warner-Lambert CI-937, Warner-Lambert CI-941, Warner-Lambert
CI-958, 



clanfenur, claviridenone, ICN compound 1259, ICN compound 4711, Contracan,
Yakult Honsha CPT-U, crisnatol, curaderm, cytochalasin B, cytarabine,
cytocytin, Merz D-609, DABIS maleate, dacarbazine, datelliptinium,
didemnin- B, dihaematoporphyrin ether, dihydrolenperone, dinaline,
distamycin, Toyo Pharmar DM-341, Toyo Pharmar DM-75, Daiichi Seiyaku
DN-9693, elliprabin, elliptinium acetate, epothionesTsumura EPMTC, erbitux,
ergotamine, erlotnib, etoposide, etretinate, fenretinide, Fujisawa
FR-57704, gallium nitrate, genkwadaphnin, Gleevec(r) (imatnib), Chugai
GLA-43, Glaxo GR-63178, gefitinib, grifolan NMF-5N,
hexadecylphosphocholine, Green Cross HO-221, homoharringtonine,
hydroxyurea, BTG ICRF-1 87, indanocine, ihnofosine, isoglutamine,
isotretinoin, Otsuka JI-36, Ramot K-477, Otsuak K-76COONa, Kureha Chemical
K-AM, MECT Corp KI-81 10, American Cyanamid L-623, leukoregulin,
lonidamine, Lundbeck LU-23-112, Lilly LY-186641 , NCI (US) MAP, marycin,
mefloquine, Merrel Dow MDL-27048, Medco MEDR-340, merbarone, merocyanine
derivatives, methylanilinoacridine, Molecular Genetics MGI-136, minactivin,
mitonafide, mitoquidone, mopidamol, motretinide, Zenyaku Kogyo MST- 16,
N-(retinoyl)amino acids, Nissliin Flour Milling N-021, Nacylated-
dehydroalanines, nafazatrom, Taisho NCU- 190, nocodazole derivative,
Normosang, NCI NSC-145813, NCI NSC-361456, NCI NSC-604782, NCI NSC- 95580,
octreotide, Ono ONO-1 12, oquizanocine, Akzo Org-10172, paclitaxel,
pancratistatin, pazelliptine, Warner-Lambert PD-1 11707, Warner-Lambert PD-
115934, Warner-Lambert PD-131 141, Pierre Fabre PE-1001, ICRT peptide D,
piroxantrone, polyhaematoporphyrin, polypreic acid, Efamol porphyrin,
probimane, procarbazine, proglumide, Invitron protease nexin I, Tobishi
RA-700, razoxane, Sapporo Breweries RBS, restrictin-P, retelliptine,
retinoic acid, Rhone-Poulenc RP- 49532, Rhone-Poulenc RP-56976, Rituxan(r)
(and other anti CD20 antibodies, e.g. Bexxar(r), Zevalin(r)), SmithKline
SK&F-104864, statins (Lipitor(r) etc.), Sumitomo SM-108, Kuraray SMANCS,
SeaPharm SP-10094, spatol, spirocyclopropane derivatives, spirogermanium,
Unimed, SS Pharmaceutical SS-554, strypoldinone, Stypoldione, Suntory SUN
0237, Suntory SUN 2071, superoxide dismutase, Thalidomide, Thalidomide
analogs, Toyama T-506, Toyama T-680, taxol, Teijin TEI- 0303, teniposide,
thaliblastine, Eastman Kodak TJB-29, tocotrienol, Topostin, TeijinTT-82,
Kyowa Hakko UCN-Ol, Kyowa Hakko UCN-1028, ukrain, Eastman Kodak USB-006,
vinblastine sulfate, vincristine, vindesine, vinestramide, vinorelbine,
vinti ptol, vinzolidine, withanolides and Yamanouchi YM-534, Zometa(r).
Examples of radioprotective agents which may be used in the combination
chemotherapy of this invention are AD-5, adchnon, amifostine analogues,
detox, dimesna, 1-102, MM-159, N-acylated-dehydroalanines, TGF-Genentech,
tiprotimod, amifostine, WR-151327, FUT-187, ketoprofen transdermal,
nabumetone, superoxide dismutase (Chiron and Enzon). Methods for
preparation of the antineoplastic agents described above may be found in
the literature. Methods for preparation of doxorubicin, for example, are
described in U.S. Pat. Nos. 3,590,028 and 4,012,448. Methods for preparing
metallomatrix protease inhibitors are described in EP 780386. Methods for
preparing .alphav .beta3 inhibitors are described in WO 97/08174. Preferred
anti-neoplastic agents include, without limitation, one or more of
daunorubicin, bleomycin, vincristine, doxorubicin, dacarbazine,
prednisolone, mitoxantrone, prednisone, methotrexate, 5-flurouracil,
dexamethasone, thalidomide, thalidomide derivatives, 2ME2, Neovastat, R I l
5777, arsenic trioxide, bortezomib, tamoxifen, G3139 (antisense), and
SU5416, mitomycin, anti-CD20 antibodies, such as Rituxan(r) and R-etodolac.
Preferred drug regimens for which the present formulation may be used in
conjunction with or as a replacement for one or more of the components
includes, without limitation, ABVD (doxorubicin, bleomycin, vincristine,
dacarbazine), DBV (daunorubicin, belomycin, vincristine), CVPP
(cyclophosphamide, vinblastine, procarbazine, prednisolone), COP
(cyclophosphamide, vincristine, prednisolone), CHOP (cyclophosphamide,
doxorubicin, vincristine and prednisone) and CMF (cyclophosphamide,
methotrexate, 5- fluorouracil). Additional regimens are given in Table A
below. Table A- Cancer Therapeutic RegimensMANAGING RISKS WITHIN VARIABLE
ANNUITY CONTRACTS CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority to and incorporates by reference in its
entirety U.S. provisional patent application serial number 60/643,465,
filed January 13, 2005. FIELD OF THE INVENTION [0002] The invention relates
generally to mitigating financial risks. More specifically, the invention
relates to analyzing aspects of variable annuity contracts and hedging the
financial 



exposure created by offering these contracts using changes in the equity
and fixed income markets. BACKGROUND [0003] Variable annuity contracts are
purchased by individuals (the "contract owners") as a form of insurance
that also serves as an investment vehicle during the accumulation phase of
the contract. Premiums paid by the contract owner are used to buy units in
separate investment accounts of the insurance company that wrote the
insurance contract. The account value of the variable annuity contract is
based on the value of the underlying units in these separate accounts. One
benefit of these insurance products is that the gains realized during the
term of the contracts can be accrued tax-free, even as funds are
transferred among the accounts. [0004] Variable annuity contracts often
also contain guarantees of financial payment to a beneficiary upon the
death of the owner. For example, some contracts guarantee that the amount
payable upon death (the "death benefit") of the contract will never be less
than the total premiums paid during the life of the contract. Other
contracts guarantee that the death benefit will be equal or greater than
the amount of an initial premium plus interest based on a predetermined
annual rate. Some guarantee that the death benefit will be at least the
value of the account at a predetermined time if that amount is greater than
a previously guaranteed amount (called a "ratchet-up"), as well as other
guarantees that the payout will be in excess of the premium. [0005]
Variable annuity contracts can also include guarantees that the account
value will be at least equal to a pre-determined minimum amount at a
pre-determined point in time, that theamount of annuity income available
from the contract will be at least a minimum amount, and/or that the amount
of withdrawal benefits which can be taken from a contract will at least
equal the contract premium. [0006] Historically, many insurance companies
have purchased reinsurance in an attempt to share the risk that there will
be inadequate funds available to cover these guarantees. Typically
reinsurance companies spread risks by pooling the risks of multiple
companies and contracts. Specifically, insurance companies pay a premium to
cede a portion of their risk so that if losses are above a negotiated
amount, the reinsurance company will reimburse the insurance company for
these excess losses. Since the reinsurance company assumes risks from
multiple companies, any losses incurred from business assumed from one
insurance company are expected to be outweighed by profits from another
company, thus allowing the reinsurance company to make a profit. Over the
years, most reinsurers have withdrawn from providing coverage for variable
annuity contracts having features such as those described above because of
the high correlation among the contracts, and thus the risk could not be
mitigated by pooling risks from multiple companies. Because of the
inability of insurance companies to reinsure variable annuity contracts,
they incurred large economic losses during the stock market decline from
2000 to 2002. SUMMARY OF THE INVENTION [0007] The present invention related
to systems and techniques whereby the risks associated with reinsured
variable annuity contracts can be hedged through the systematic purchase
and sale of futures and options from investment indices. Indications
derived from the variable annuity contracts determine the amount and
duration of futures and options that can be purchased to hedge the annuity
guarantees on an economic basis. [0008] In one aspect of the present
invention, a method for mitigating risks associated with a reinsured
annuity contract includes measuring risks associated with the contract and
mitigating the measured risks through active hedging. The annuity contract
may include one or more minimum benefits, such as minimum income, minimum
accumulation, and minimum withdrawal. In some embodiments, the annuity
contract is purchased from a guarantor of the contract, and may also
include an income stream as well as a payout risk.[0009] Measuring the risk
may include calculating an account value for the contract, and in some
instances may involve one or more account features of the contract, and/or
demographics of the policyholder of the contract (e.g., age, gender, and
mortality rate). Examples of account features include a product type, a
death benefit, a withdrawal amount, a lapse period, a ratchet value, a fund
selection, and a rollup value. [0010] In another aspect, a method of
hedging risks associated with reinsuring variable annuity contracts that
include guaranteed minimum death benefits includes reinsuring variable
annuity contracts with guaranteed minimum death "benefits, calculating risk
statistics based on characteristics of the variable annuity contracts,
determining a set of market indices (e.g., the Standard & Poor's 500 index,
the Russell 3000 index, the Wilshire 5000 index, the NASDAQ 100 index, the
Dow Jones index, and the Europe, Australia and Far East (EAFE) index) to
model the performance of the reinsured variable annuity contracts based on
the risk statistics, and hedging the risks associated with the reinsured
variable annuity contracts by purchasing option contracts (such as put
options) based on the determined market indices. [0011] In some
embodiments, the guaranteed minimum death benefits include both an income
stream (which can be used to calculate a first risk statistic) and an
on-death payout 



amount (which can be used to calculate a second risk statistic). [0012] In
yet another, a system for identifying hedge positions to mitigate risks
associated with reinsuring guaranteed minimum death benefit variable
annuity contracts includes a data storage module for storing information
associated with guaranteed variable annuity contracts having been purchased
from a primary insurer, a processing module for calculating risk statistics
(either periodically, or on a one-time basis) based on the information
associated with the guaranteed variable annuity contracts, and a hedging
engine for identifying hedge positions to mitigate risks associated with
the guaranteed variable annuity contracts based on the calculated risk
statistics. [0013] In one embodiment, the system further includes a trading
system for executing trades associated with the hedge positions. The system
can also include a reporting module for producing reports, which may be
formatted for printing. In some embodiments, the system also includes a
communications module that is configured to receive information associated
with the variable annuity contracts.- ABRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a block diagram showing the environment in which the
invention operates. [0015] FIG. 2 is a block diagram detailing the steps of
the invention as it operates in the environment of FIG. 1. [0016] FIG. 3 is
another block diagram detailing steps of the invention as it operates in
the environment of FIG. 1. [0017] FIG. 4 is a diagram of one implementation
of the invention, which can be realized with one or more appropriately
programmed general-purpose computers. DETAILED DESCRIPTION [0018] In
general, reinsurance operates as a contract between two parties, an
insurance company (the "issuer") and a reinsurance company (the
"reinsurer"). The reinsurance contract specifies the consideration, risks
transferred, terms, and financial details of the relationship between the
two parties. Different types of insurance contracts contain different types
of risks, depending on the terms of the contract. One example of a risk
inherent to variable annuity contracts involves the risk that the amount
the issuer must pay to the beneficiary of the contract upon the death of
the annuitant is greater than an accumulated account value of the policy.
Another risk associated with variable annuity contracts is that the
guaranteed amount available upon surrender or systematic, periodic
withdrawal exceeds the account value when the withdrawals are requested or
due. Each of these risks can be "transferred" by purchasing insurance -
i.e. insuring the insurance, from a reinsurer. Generally, the terms of the
reinsurance contract would then specify the amount that the reinsurer pays
the issuer to compensate for a loss due to the risks mentioned above.
[0019] FIG. 1 illustrates the market environment of a variable annuity
contract 10 according to one embodiment of the present invention. An
annuity contract owner 20 pays premiums 11 to an insurance company 30. The
annuity contract owner 20 can request partial withdrawals from the contract
12 or surrender 13 the contract for its cash surrender value. Upon death of
the contract owner 20, a death benefit 14, as described below, is paid to
the beneficiary 15 of the contract, generally designated by the contract
owner 20.[0020] Premiums 11 paid on a variable annuity contract 10 are
subsequently used to buy units of separate accounts 40 of the insurance
company 30. The separate accounts 40 contain shares of segregated asset
accounts (usually mutual funds) 50 established by the insurance company 30
which are established according to the United States Federal Internal
Revenue Service's Regulations for investment funds for variable annuities.
By design, the annuity contract owner 20 earns a proportionate share of
income and gains and losses in the separate accounts 40 by the change in
unit values of the mutual funds 50. The insurance company 30 may also
manage a fixed income portfolio 60 and invest in fixed income assets 70 for
the amount of account value that the contract owner 20 desires to be
invested in the fixed account. The insurance company 30 then earns a return
on these assets, and passes a portion back to the contract owner 20 through
credits to the account value. [0021] The information on the in-force
records is sent to a reinsurer 80 who then aggregates the information for
many direct writers of variable annuities. To financially offset the net
risks inherent in the variable annuity, future and options positions are
bought, sold, and traded according to mathematical formulae and statistical
analysis. [0022] In some instances, the minimum guaranteed death benefits
offered in the variable annuity contact 10 will exceed the cash surrender
value of the contract 10. This may be due to large fluctuations in the
stock market that affect the values of the underlying mutual fund assets
50, the payment of a surrender charge, or the death of the contract owner
20 that is statistically unforeseen based on mortality rates and actuarial
tables, although the surrender charge is typically not collected on the
death of the contract owner 20. Other features of variable annuities
include those listed below. [0023] Return of Premium: The return of premium
feature requires the payment of the 



greater of the account value or total premiums paid on the contract less
any partial withdrawals and assessments. For example, assume the premium
paid for an annuity contract with a return of premium guarantee is
$100,000. At the time of the death of the account owner, however, the
account value is only $50,000 because of a sharp decline in the stock
market. In this case, the beneficiary of the contract would receive
$100,000 and the issuing insurance company would incur a $50,000 loss
($100,000 paid at death less the $50,000 account value released to the
beneficiary). [0024] Reset: The reset feature provides the greater of a
return of premium or the most recent specified anniversary account value,
adjusted for withdrawals, upon death. There istypically a maximum age above
which the benefit will not increase. For example, assume the premium paid
for an annuity contract with an annual reset guarantee is $100,000. At the
end of the first year, the account value has grown to $150,000. The reset
amount is $150,000, which is the greater of the $100,000 premium paid and
the $150,000 account value. Now assume the annuitant dies in the second
year. At the time of death, the account value is only $50,000, In this
case, the beneficiary would receive $150,000 and the insurance company
would incur a $100,000 loss ($150,000 paid at death less $50,000 account
value released). Now instead of death, assume the annuitant lives until the
third year. Also assume that the account value at the end of the second
year is $75,000. The annual reset value is now $100,000, which is the
greater of the $100,000 premium paid and the $75,000 account value. Now
assume the annuitant dies in the third year. At the time of death, the
account value is only $85,000, In this case, the beneficiary would receive
$100,000 and the insurance company would incur a $15,000 loss ($100,000
paid at death less $85,000 account value released). [0025] Ratchet: The
ratchet feature guarantees the payout on the contract to be the greater of
a return of premium death benefit or the highest specified "anniversary"
account value (prior to a maximum age), adjusted for withdrawals, upon
death. The specified anniversary might be the monthly anniversary of
contract issuance, the annual anniversary, the birthday of the contract
owner, or some other specified anniversary. Assuming, as above, a $100,000
contract, with a value at the end of the first anniversary period of
$150,000 and a value at the end of the second anniversary period of
$85,000. If payout occurs after the first year, the ratchet value is $
150,000, which is the greater of the $100,000 premium paid and the $150,000
account value at the end of year one. However, the results change after
year two because the ratchet value is the greatest of the $100,000 premium
paid, the $150,000 account value at the end of the first contract year, and
the $85,000 account value at the end of the second contract year. In this
case, the beneficiary would receive $150,000 and the insurance company
would incur a $65,000 loss ($150,000 paid at death less $85,000 account
value released). [0026] Rollup: The rollup feature guarantees a payment
that is the greater of a return of premium death benefit or premiums,
adjusted for withdrawals, accumulated at a specified interest rate, either
simple or compound, up to a maximum age or maximum percentage or premiums
less withdrawals upon death. For example, assume the guarantee is a 5%
simple interest rollup. Further assume the premium paid for an annuity
contract with this guarantee is $100,000. At the end of the first year, the
rollup guarantee is $105,000 ($100,000 premium paidplus 5% interest.) If
death occurs in the second year, the beneficiary would receive the greater
of the account value and the rollup benefit of $105,000. [0027] Earnings
Enhancement: This feature provides an enhancement to the death benefit that
is a specified percentage of the adjusted earnings accumulated on the
contract at the date of death. The benefit may be capped as to amount or
value at a given age. For example, assume the guarantee is a 20% earnings
enhancement. Further assume the premium paid for an annuity contract with
this guarantee is $100,000. At death the account value is $200,000. The
earnings enhancement would be $20,000, which is 20% of the earnings on the
contract ($200,000 account value less $100,000 premium paid) and the amount
paid at death would be $220,000. [0028] A variable annuity contract may
have one or more of these features. The death payment is typically the
greater of the account value or the death benefit as described above.
[0029] The death benefit 14 paid in excess of the account value creates an
amount that is paid out by the insurance company 20 to the beneficiary upon
the death of the annuitant. Because these payouts can be determined in
advance, they are similar to put options that are actively traded in the
equity markets. [0030] Put options give buyers the right, but not the
obligation, to sell an underlying security at a particular price (the
"strike price") at a particular time. A put option is considered
"in-themoney" (ITM) if its strike price is above the current trading price
of the underlying security. A put option is "out-of-the-money" (OTM) if its
strike price is below the current price of the underlying security. A put
option is "at-the-money" (ATM) if its strike price is the same as (or close
to) the current price of the underlying security. The security, or
"underlier" may be a stock, a combination of stocks, derivatives of stocks,
or a stock index. [0031] Strike price, also called exercise price, is the
specified price on an option contract at which the contract may be
exercised, whereby a put option buyer can sell the underling security. The
buyer's profit from exercising the option is the amount by which the strike
price exceeds the 



spot price. In general, the smaller the difference between spot and strike
price, the higher the option premium. [0032] Spot price, also called cash
price, is the present delivery price of a given security being traded on
the spot market. An American option is an option that can be exercised
anytime during its life. The majority of exchange-traded options are
American style options - i.e. an owner of an option can trade it on the
open market at any time. A European option is an option that can only be
exercised at the maturity date. An Asian option, also known as an
averageoption, is an option whose payoff depends on the average price of
the underlying asset over a certain period of time as opposed to only at
maturity. However, unlike an American Option, which can be executed at any
time, a European Option, which can only be executed at expiry, or an Asian
Option, which can only be executed at predetermined times, the "put"
feature of the variable annuity can only be exercised upon death.
Therefore, the amounts by which a variable annuity contract is "in the
money" (the amount that the payable death benefit exceeds the account value
based on the underlying investments) is unknown in advance. [0033]
Consequently there is no direct offsetting option position available within
the financial markets that accurately mirrors the risks inherent in a
variable annuity contract with a benefit paid at death. A further
complication to the calculation of an offsetting option position is the
fact that the investments of the separate accounts of the variable
annuities usually do not directly correspond to established indices on
which options are usually traded. [0034] The guaranteed minimum income
benefit, the guaranteed minimum accumulation benefit and the guaranteed
minimum withdrawal benefit are all put type options after the passage of
time and provide a floor on the cash payments available to the annuity
owner. Like guaranteed minimum death benefits, these contracts can result
in a loss to the insurance company upon exercise of the option, but the
triggers are different, namely withdrawal versus death. However,
aggregating the contracts (e.g., as a reinsurer) such that a series of risk
statistics can be computed provides an opportunity to match these
statistics with similar statistics for various market indices. Once a
market index can be linked to a collection of contracts, options are then
purchased based on that index as a hedge against the risks inherent to the
contracts. The benefits of using such an approach increase as the number of
number of contracts increases due to the law of large numbers. Therefore,
the approach is well suited for the reinsurance model because the
reinsurance company can pool the mortality risk among a large number of
companies, thereby lessening the financial risks due to the few deaths of
contract holders that are well outside of statistical and actuarial norms.
[0035] More specifically, the invention uses actuarial mathematics uniquely
combined with financial modeling to calculate hedging positions for
offsetting these risks. Financial modeling determines the present value of
the liability portfolio based on the guaranteed minimum death benefits
(GMDBs). The liability portfolio is valued first using market inputs for
stock and stock index levels, interest rate levels at numerous maturities
and implied or assumed volatility levels at different maturities, in
addition to the actuarial assumptions. The stock prices, index
levels,interest rates and volatility assumptions are referred to
collectively as parameters. The liability portfolio is then revalued for
alternative sets of parameters. The change in value of the liability
portfolio is computed for each of these sets. Portfolios of equity, equity
index futures, interest rate swaps and options on all the above are
determined that have the opposite change in valuation for every alternative
parameter assumption set. There are a large number of such portfolios that
can be generated that satisfy this criterion; the desired portfolio is the
one of these portfolios that optimizes a predetermined criterion, e.g. the
one that minimizes expected transaction costs over time. The desired
positions are then sent to futures and options traders 85 who execute the
transactions on behalf of the reinsurer 80, and are held at a clearing
broker/dealer 90. [0036] FIG. 2 is a flow diagram describing a method for
an insurance company to reduce the risk of providing the guarantees on the
death payments. The premium payments 100, death benefits in-force 110,
partial withdrawals 120, surrenders 130 and account values 140 are
summarized into in-force contract details 150. The data is forwarded to the
reinsurer 160, and analyzed. One aspect of the analysis summarizes the
in-force data of all the contracts. The summary compresses on cell data but
will allow for values to be calculated similar to those that would be
obtained with complete details. The summarization process looks for errors
and other out of bounds conditions in the policy detail and places the data
into appropriate groups for modeling. The output from the in-force contract
detail system is fed into the hedge engine 180. The hedge engine 180
projects forward the financial results obtained for the company using
scenarios based upon the types of investments in the variable accounts and
capital market assumptions. [0037] The various product characteristics 170
of the variable annuity are also input into the hedge engine 180. Examples
of product characteristics include death benefit guarantees, guaranteed
minimum income, accumulation benefit or withdrawal benefits, separate
account and fixed account availability and performance, provisions
regarding surrenders and partial withdrawals and their impact on guarantees
as well as transfer between separate accounts. In many cases, this
information can be found in the prospectuses for the variable annuities and



various separate accounts, and transferred electronically or manually into
the hedge engine 180. Capital market assumptions 190 are also input into
the hedge engine 180. These assumptions include risk free rates,
volatilities, correlations of funds, skew and kurtosis, as well as other
statistical measurements and data describing the conditions of the capital
markets. Risk neutral and real world assumptions are also used as input
items.[0038] The risk free rate is the quoted rate on an asset that has
virtually no risk. As an example, the interest rate quoted for US treasury
bills are widely used as a risk free rate. Volatility is a statistical
measure of the tendency of a market or security to rise or fall sharply
within a period of time. Volatility is typically calculated by using
variance or annualized standard deviation of the price or return. A measure
of the relative volatility of a stock as compared to the overall market is
its beta. A highly volatile market means that prices have large swings in
very short periods of time. Fund correlation describes a complementary or
parallel relationship between two funds. For example, two funds that invest
within the same industry will show similar returns, and therefore have a
high fund correlation. Skew is a statistic describing a situation's
asymmetry in relation to a normal distribution. A positive skew describes a
distribution favoring the right tail of the normal distribution, whereas a
negative skew describes a distribution favoring the left tail of the normal
distribution. [0039] Kurtosis is a statistical measure used to describe the
distribution of observed data around the mean. Used generally in the
statistical field, it describes trends in charts. A high kurtosis portrays
a chart with fat tails and a low even distribution, whereas a low kurtosis
portrays a chart with skinny tails and a distribution concentrated towards
the mean. It is sometimes referred to as the "volatility of volatility."
[0040] The characteristics of the current options and futures positions 200
are also used as input into the hedge engine 180. These are typically
analyzed in terms of the statistical terms 230 such as delta, gamma, vega,
theta and rho that are also calculated by the hedge engine 180. These terms
have the following meanings in their statistical investment analysis
context. [0041] Delta is the amount by which an option's price will change
for a one-point change in price by the underlying entity. Call options have
positive deltas, while put options have negative deltas. Technically, the
delta is an instantaneous measure of the option's price change, so that the
delta will be altered for even fractional changes by the underlying entity.
[0042] Gamma is the rate of change in an option's delta for a one-unit
change in the price of the underlying security. [0043] Theta is a measure
of the rate of change in an option's theoretical value for a one-unit
change in time to the option's expiration date. [0044] Vega is a measure of
the rate of change in an option's theoretical value for a one-unit change
in t he volatility assumption.[0045] Rho is the expected change in an
option's theoretical value for a one percent change in interest rates.
[0046] Methodologies such as Black-Scholes can be used when all but one of
the parameters are known to derive the unknown parameter, as well as other
methods, including a generic description of Black-Scholes, like "option
pricing models." Black-Scholes is a theoretical option-pricing model widely
used in the market that provides an option cost based upon the index price,
exercise price, option term and assumptions of risk free rates of return,
average dividend yield, and volatility (standard deviation) of returns.
[0047] Actuarial assumptions 210 are used to provide mortality rates,
surrender rates, partial withdrawal rates, fund mapping and expenses.
Mortality rate is the probability that the annuitant will die within the
following year. Surrender rate is the probability that the annuity contract
will surrender within the following year. Partial withdrawal rates are the
probability and amount of less than full surrenders within the following
year. Fund mapping is the process of analyzing separate account funds and
assigning them to indices that can be hedged. [0048] Expenses refers to
both the marginal cost to the reinsurance company as a result of entering
into a reinsurance agreement as well as to general overhead of the
reinsurance company that has been allocated to this reinsurance contract.
[0049] Experience studies may be utilized to provide the information as
well as industry experience and professional judgment. The projection of
in-force data is used to verify experience factors using actuarial
validation techniques. Returns on the separate account investments are
correlated to investment indexes by use of fund mapping. For example, a
fund that primarily invests in large US corporations would be mapped to the
S&P 500. Funds with other objectives, such as small companies with small
capitalization, foreign or developing countries, or other objectives, would
be mapped to other indices. Although there is not necessarily be a one to
one correlation between the fund performance and index performance, the
index serves as a reasonable predictor. A reinsurance company has an
advantage that it can pool separate accounts of several companies to
achieve better correlations. There may be some separate accounts that do
not correlate well with any index, and as such, hedging does not work.
[0050] Definitions of common fund indices are as follows: [0051] S&P: The
Standard & Poor's 500 is an index of the 500 largest publicly traded US 



corporations. Most of the companies that are included in the index have
their shares traded on the New York Stock Exchange (NYSE). The S&P 500 is
an index which is the most widely usedbenchmark for large capitalization
stock investments. Considered to be a benchmark of the overall US stock
market. This index is comprised of 500 widely-held, Blue Chip stocks
representing industrial, transportation, utility and financial companies
with a heavy emphasis in industrials. [0052] The Russell 3000, supplied by
The Frank Russell Company, is a stock index consisting of the 3000 largest
publicly listed US companies, representing about 98% of the total
capitalization of the entire US stock market. Different subsets of the
Russell 3000 are the Russell 1000 (large caps), which consists of the 1000
largest companies in the Russell 3000, the Russell 800 (mid caps), which
consists of the smallest 800 companies in the Russell 1000, and the Russell
2000 (small caps), which consists of the smallest 2000 companies in the
Russell 3000. [0053] The Wilshire 5000 Total Market Index measures the
performance of all US headquartered equity securities with readily
available price data. This index is a capitalizationweighted index and
includes all of the stocks contained in the S&P 500 Composite Stock Price
Index. This index is intended to measure the entire U.S. stock market. A
stock index that provides a broad measure of trends in stock prices across
the whole of the market, the Wilshire 5000 consists of approximately 6,500
US-based stocks traded on the New York Stock Exchange, American Stock
Exchange and NASDAQ. [0054] The NASDAQ-100 Index is a "modified
capitalization-weighted" index designed to track the performance of a
market consisting of the 100 largest and most actively traded nonfinancial
domestic and international securities listed on The NASDAQ Stock Market,
based on market capitalization. To be included in this index, a stock must
have a minimum average daily trading volume of 100,000 shares. Generally,
companies on this index also must have traded on NASDAQ, or been listed on
another major exchange, for at least two years. NASDAQ (National
Association of Securities Dealers Automated Quotation System) is the
electronic stock exchange run by the National Association of Securities
Dealers for over-the-counter trading. Established in 1971, it is America's
fastest growing stock market and a leader in trading foreign securities and
technology shares as well. It boasts many more listed companies than the
New York Stock Exchange, and handles more than half the stock trading that
occurs in this country. Although once the province of smaller companies,
NASDAQ today is where many leading companies are traded, including
Microsoft, Intel, MCI, Amgen, Cisco Systems, Nordstrom, Oracle,McCormick,
SAFECO Insurance, Sun Microsystems, T. Rowe Price, Tyson Foods and
Northwest Airlines. [0055] EAFE, the Europe, Australia, and Far East Index
from Morgan Stanley Capital International is an unmanaged, market-value
weighted index designed to measure the overall condition of overseas
markets. [0056] Periodically, the invention embodied in the hedge engine
180 calculates the delta, gamma, vega, theta and rho of the book of
variable annuity business. Multiple economic environment scenarios are
generated and the results for the In-Force Contract Details 150 are
projected forward under these economic scenarios. This can be a
computation-intensive process and often runs on multiple computers in a
grid, server farm, or other multi-processor environment. The risk of
reduction in the income stream, as measured by a charge based upon the
change in guaranteed minimum death benefit of an increase in the payout
stream as represented by the death payments is measured by the hedge engine
180. [0057] Characteristics such as term of the underlying options are
established and the hedge engine 180 calculates the amount of available
options to be purchased and uses futures, interest options and swaptions to
balance the position. Financial projections are produced using real world
scenarios to ascertain the tail risk and establish sensitivities. The
output from the hedge engine 180 is the specific buy and sell positions 220
that provide the appropriate balance. [0058] The systems and methods
described herein can also function to periodically review and update the
appropriate hedge positions as economic conditions and the aggregate
characteristics of the reinsured contracts change. Referring to FIG. 3, the
system determines if a reinsurance agreement is in place with one or more
contract issuers (step 300). If such an agreement is in place, the data
describing the various characteristics of the contracts is sent to the
reinsurer (step 310). The in-force contract data is updated (step 320) and
supplied to the hedge engine. The hedge engine, using the various inputs
described above, calculates (step 330) one or more portfolios that include
various hedge positions for hedging the risks inherent in the current set
of in-force contracts. One or more of the resulting portfolios is then
selected as the desired portfolio. The result is compared (step 340) to the
existing portfolio. In some embodiments, one or more tolerance bands may be
established to determine if adjustments to the portfolio are necessary and
used when comparing the existing portfolio to the new portfolio (step 350).
For example, if a very small deviation from the newly selected portfolio
exists, the transaction costs associated with the buying and/or selling of
options may outweigh any benefits. Therefore, if thenew portfolio is within
the tolerance bands, the review process repeats on a periodic (hourly,
daily, weekly, etc.) basis (step 360). However, if the selected portfolio
is outside the established 



tolerances, the hedge transactions that will create the selected portfolio
are determined (step 370), and forwarded to a trader for execution (step
380). [0059] For example, if a portfolio were constructed to hedge GMDBs on
an underlying asset pool, and due to lapsation of variable annuity
policies, the pool became smaller over time, the optimal hedging portfolio
at one point in time will have to shrink in proportion to the lapsation of
the policies. As an alternative example, if market parameters change
significantly, it is likely that the optimization process in [00035] will
lead to a new optimal portfolio that is significantly different than the
one computed prior to the change in market parameters. [0060] FIG. 4
depicts one embodiment of a system 400 on which the methods described above
may be implemented. Contract issuers 405 such as insurance companies
provide data regarding the characteristics of variable annuity contracts to
a communications module 410 system via a communications link (e.g., the
Internet) using one or more data exchange protocols such as EDI, XML,
SOAP/Web Services, etc. The data is stored in a data storage module 420,
such as one or more databases, flat files, or storage mediums. A processing
module 440 calculates the various statistics and, based on the statistics a
hedging engine 450, identifies the various hedge positions that afford
appropriate risk mitigation positions. A reporting module 460 provides
periodic and/or ad hoc reports relating to the details of individual
contracts, aggregate information about the collection of contracts being
hedged, the statistics described above (either at a point in time or on a
periodic basis), and the current set of options positions. [0061] In some
embodiments, the communications module 410 collects general economic data
(e.g., stock market indices, specific equity and debt pricings, etc.) from
one or more data subscription services such as Dow Jones, Reuters, and
others. In some embodiments the communications module 410 transmits
instructions for executing the trades determined by the hedging engine to
brokerage firms for execution, clearance, and custodial services provided
by such firms. [0062] In some embodiments, communications module 410, data
storage module 420, processing module 440, hedging engine 450 and reporting
module 460 may implement the functionality of the present invention in
hardware or software, or a combination of both on a general-purpose
computer. In addition, such a program may set aside portions of a
computer's random access memory to provide control logic that affects one
or more of the imagemanipulation, mapping, alignment, and support device
control. In such an embodiment, the program may be written in any one of a
number of high-level languages, such as FORTRAN, PASCAL, C, C++, C#, Java,
TcI, or BASIC. Further, the program can be written in a script, macro, or
functionality embedded in commercially available software, such as EXCEL or
VISUAL BASIC. Additionally, the software could be implemented in an
assembly language directed to a microprocessor resident on a computer. For
example, the software can be implemented in Intel 80x86 assembly language
if it is configured to run on an IBM PC or PC clone. The software may be
embedded on an article of manufacture including, but not limited to,
"computer-readable program means" such as a floppy disk, a hard disk, an
optical disk, a magnetic tape, a PROM, an EPROM, or CD-ROM. [0063] Although
a preferred embodiment is specifically illustrated and described herein, it
will be appreciated that modifications and variations of the present
invention are covered by the above teachings and within the purview of the
appended claims without departing from the spirit and intended scope of
this invention.CLAIMS What is claimed is: 1. A method for mitigating risks
associated with a reinsured annuity contract, the method comprising:
determining statistical measures of risks associated with the reinsured
annuity contract; and mitigating the measured risk through active hedging.
2. The method of claim 1wherein the reinsured annuity contract provides a
guaranteed minimum death benefit. 3. The method of claim 1 wherein the
reinsured annuity contract provides a guaranteed minimum income benefit. 4.
The method of claim 1 wherein the reinsured annuity contract provides a
guaranteed minimum accumulation benefit. 5. The method of claim 1 wherein
the reinsured annuity contract provides a guaranteed minimum withdrawal
benefit. 6. The method of claim 1 further comprising purchasing the annuity
contract from a guarantor of the risk. 7. The method of claim 1 wherein the
reinsured annuity contract comprises an income stream risk and a payout
risk. 8. The method of claim 1wherein the income stream risk and payout
risk are measured independently. 9. The method of claim 1 wherein measuring
the risk comprises calculating an account 



value for the reinsured annuity contract. 10. The method of claim 1 wherein
the account value is based, at least in part on account features of the
reinsured annuity contract and demographics of a policyholder of the
reinsured annuity contract. 11. The method of claim 1 wherein the account
features comprise one or more of a product type, a death benefit, a
withdrawal amount, a lapse period, a ratchet value, a fund selection, and a
rollup value. 12. The method of claim 1wherein demographics of a
policyholder of the variable annuity contract comprise an age, a gender,
and a mortality rate.13. The method of claim 1 further comprising
calculating the delta, gamma, vega, theta and rho for the annuity contract.
14. The method of claim 1 wherein the active hedging comprises matching at
least one of the delta, gamma, vega, theta and rho to a portfolio of
options contracts. 15. A method for hedging risks associated with
reinsuring variable annuity contracts with guaranteed minimum death
benefits, the method comprising: reinsuring a plurality of variable annuity
contracts with guaranteed minimum death benefits; calculating a plurality
of risk statistics based on characteristics of the plurality of guaranteed
minimum death benefit variable annuity contracts; determining market
indices to model the performance of the reinsured variable annuity
contracts based on the plurality of risk statistics; and hedging the risks
associated with the reinsured variable annuity contracts by purchasing
option contracts based, at least in part, on the determined market indices.
16. The method of claim 15 wherein the reinsured variable annuity contracts
with guaranteed minimum death benefits comprise an income stream and an
on-death payout amount. 17. The method of claim 1 wherein the calculated
risk statistics comprise a first risk statistic based, at least in part, on
the income stream and a second risk statistic based, at least in part, on
the on-death payout amount. 18. The method of claim 15 wherein the market
index is selected from the group comprising of the Standard & Poor's 500
index, the Russell 3000 index, the Wilshire 5000 index, the NASDAQ 100
index, the Dow Jones index, the Europe, Australia and Far East (EAFE)
index, and combinations thereof. 19. The method of claim 15 wherein the
option contracts comprises a put option. 20. A system for identifying hedge
positions to mitigate risks associated with reinsuring guaranteed minimum
death benefit variable annuity contracts, the system comprising: a data
storage module for storing information associated with guaranteed variable
annuity contracts, the guaranteed variable annuity contracts having been
purchased from a primary insurer; a processing module in electronic
communication with the data storage module for calculating one or more risk
statistics based on the information associated with the guaranteed variable
annuity contracts; anda hedging engine in electronic communication with the
processing module and data storage module for identifying a hedge position
to mitigate risks associated with the guaranteed variable annuity contracts
based at least in part on the calculated risk statistics. 21. The system of
claim 1further comprising a trading system for executing trades associated
with the identified hedge positions. 22. The system of claim 1wherein the
risk statistics are calculated periodically. 23. The system of claim
1further comprising a reporting module for producing reports comprising
information associated with the guaranteed variable annuity contracts, the
risk statistics, and the hedge position. 24. The system of claim 1wherein
the reports are formatted for printing. 25. The system of claim 1 further
comprising a communications module in electronic communication with the
data storage module for receiving the information associated with variable
annuity contracts. 


